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SIJMMARY 

Hydraulic model studies of Tr in i ty  Dam ou t le t  works were 
conducted on a 1:28 scale model t o  develop the hydraulic design of the 
o u t l e t  works s t i l l i n g  basin. 

Observations made on the flow i n  the model showed the general 
concept of the preliminary s t ructure  t o  be sat isfactory,  but t h a t  the 
hydraulic gerformance of the  basin could be improved by reducing the 
basin length. It was also shown t h a t  improvement could be real ized by 
increasing the upward slope of the  ou t l e t  channel from 5 : l  t o  2:l .  
Water surface prof i les  were obtained from the  model fo r  use i n  the  
s t ruc tu ra l  design of the basin walls. 
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INTRODliCTION 

Tr in i ty  Dam is a par t  of the  California Central Valley Project. 
It i s  located on the Tr in i ty  River about 25 miles northwest of Redding, 
California,  Figure 1. The dam, Figure 2, is an e a r t h f i l l  s t ructure  
approximately 2,450 f e e t  long a t  the  c r e s t ,  approximately 505 f e e t  high 
from the foundation, and approximately 2,600 f e e t  wide a t  the base and 
40 f e e t  wide a t  the  crest .  It i s  a multipurpose s t ructure  having a 
spillway, ou t le t  works, and powerhouse. 



s t ruc tu re  with a concrete-lined, 20-foot-diameter inclined shaf t  and 
tunnel  having an open concrete chute with a f l i p  bucket a t  the end. 
The spil lway c r e s t  is  a t  e levat ion 23'70, 17 f e e t  below maximum reser-  
v ~ i r  e levat ion.  The spillway i s  located i n  the  l e f t  abutment ar.d 
discharges i n to  the  r i ve r  channel downstream from the powerhouse and 
o u t l e t  works. A t  maximum reservoir  elevation 2387, it i s  designed t o  
discharge 24,000 second-feet . 

[in auxi l i a ry  ou t l e t  works f o r  re leas ing woter during ea r l y  
s tages  of construction is  located i n  the l e f t  abutment, Figure 2 ,  and 
discharges in to  the  spillway tunnel. It i s  designed t o  discharge 
2,500 second-feet a t  n o m l  reservoir  elevat5on 2370. 

A powerplant a t  the  l e f t  abutment near the  downstream toe  of 
the dm discharges inxo the  r i ve r  channel. It is  supplied through two 
penstocks t h a t  branch from the main conduit which t e rn ina tes  i n  the  
o u t l e t  works. 

The ouzlet  works i s  located i n  the l e f t  abutment about 
150 f e e t  downstream from the p e r h o u s e  a.nd discharges i n to  the  r i ve r  
a t  almost a r i gh t  angle t o  the channel center  l i n e  approximately 
450 f e e t  upstream from the point a t  vhicll the spillway discharges i n to  
the  channel. It is designed f o r  7,670 second-feet a t  the maximum 
reservoir  e levat ion.  

The ou t l e t  works, Figures 3 and 4, consis ts  of a concrete 
intake s t ruc tu re ,  a concre te-l ined,  28-foot-diameter tunnel  with f ixed- 
wheel gate,  a 28-foot-diameter concrete conduit,  a concrete con t ro l  
house with two %-inch r ing  follower gates and two &-inch hollow-jet 
valves, a concrete s t i l l i n g  basin,  and an ou t l e t  channel. The ou t l e t  
works s t i l l i n g  basin and downstream channel a re  the  fea tu res  studied 
i n  t h i s  hydraulic invest igat ion.  The exact t a i l  water elevation f o r  
any one o p r a t i n g  condition w i l l  depend upon whether o r  not  Lewiston 
Dam downstream i s  b u i l t  and the  r e semo i r  e levat ion a t  which it w i l l  
operate, Figure 3. 

THE MODEL 

The ou t l e t  works model, Figure 6, was a 1:28 scale  reproduc- 
t i o n  of the  prototype. It included the  &-inch hollow-jet valves and 
approach pipes, the  s t i l l i n g  basin,  the  o u t l e t  channel, and a portion 
of' the r i v e r  channel. 

Two 3-inch hollorr-jet valves ca re fu l ly  machined of brass  
represented the &-inch prototype valves. The model valves could be 
opened and closed over ?;he f u l l  range of prototype valve openings. 
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the prototype basin.  One wal l  of the t e s t  flume was gl-ass and was used 
as  oce wal l  of the bas in  so t ha t  the flow could be observed throughout 
the ciepth of the basin.  The o u t l e t  channel and r i ve r  topography were 
molded i n  sand t o  provide a movable bed f o r  studying erosion chsrac- 
t e r i s t i c s  of the flow from the basin. This downstream area  represented 
e p r o t o t y ~ e  a rea  155 feet, long and 224 f e e t  wide. 

Water was supplied t o  the  model through a manifold where j.t 

was divided between two 3-inch pipes with f l ex ib l e  hose connections 
leadint; t o  the hollow-jet valves. The 6-inch ventur i  meter located a t  
the southwest corner of the  laboratory was used t o  measure the  discharge. 
The des i red piezornetric head on the  model valves was obtained by opening 
o r  closing the  hollow-jet valves t o  give the  proper reading on a gage 
attach'ed t o  the ~ i %  sect ion jus t  upstream from the  valves. Water sur- 
face e levat ions  i n  the r i v e r  channel were regulated with a t a i l g a t e  and 
measured with a s t a f f  gage located a s  shown i n  Figure 6. 

TRE IPWESTIGP-TION 

The primary WrFose of the  invest igat ion was t o  develop the  
hydraulic design of the ou t l e t  works s t i l l i n g  basin.  No other  basin of 
t h i s  -type had been t es ted  i n  the  Bureau's laboratory  at  such high heads; 
therefore,  it was necessary t o  check the  bas in  dimensions by model 
s tudies .  To accomplish t h i s ,  it was necessary t o  study the  flow charac- 
t e r i s t i c s  within t he  bas in  and the downstream r i v e r  channel f o r  a wide 
range of operating conditions. This type of basin was f i r s t  devo lopa  
f o r  Boysen Dan o u t l e t  works and l z t e r  adapted f o r  use a t  Falcon and 
Yellowtail  Dms. These s tudies  a re  discussed i n  Hydraulic Laboratory 
Reports No. ~yd-283,  276, and 414, r e s p c t i v e l y .  

Preliminary Basin - 
The preliminary bzs in  dimensions, Figure 7, were determined 

by extrapola t ing da ta  obtained from the  previous hollow-jet o u t l e t  
works basin s tud ies  of t h i s  t p .  The preliminary 135-foot-long bas in  
was designed f o r  7,000 second-feet discharging equal ly  through both 
valves, Figure 2, with the reservoir  water surface a t  the spil lway 
c r e s t .  The t o t a l  head at the  valves w a s  computed t o  be 260 f e e t .  For 
an energency operating condition, 4,200 second-feet discharged through 
one valve with the  reservoir  a t  o r  near maximum water surface elevation,  
the  t o t a l  head at the velve was 380 f ee t .  

The possible t a i l  water e levat ion range i s  shown by Curves 1, 
2, 3, and 4 on F igwe  3. The r i v e r  channel i n  the area  jus t  dawnstrew 
from the  powerhouse t e i l r a c e  and o u t l e t  works s t i l l i n g  bas in  w i l l  be 
excavated and dredged t o  e levat ion 1890 o r  rock, whichever is  higher 
a s  shown i n  Figure 5. This excavation w i l l  influence the  t a i l  water 
e levat ion a t  the  s t i l l i n g  bas in  a s  shown by t a i l  water Curves 1 and 4 



k w i s t o n  Dnm w i l l  in f luence  t h e  t a i l  water a s  shown by Curves 2 and 3 
i n  Figure 3. These two t a i l  water  curves were used i n  t h e  model t e s t s .  

Conditions i n  t h e  pre l iminary  b a s i n  f o r  t h e  design flow of 
7.000 second-feet with t h e  t s i l  water a t  e l e v a t i o n  1902 a r e  shown i n  
F igure  8 ( ~ )  and (B). Very good s t i l l i n g  a c t i o n  was ind ica t ed  by t h e  
smoothness of t h e  wster  su r f aces  i n  t h e  bas in  and downstrean. Wave 
h e i m t s  a t  t he  t s i l  water gage i n  t h e  r i v e r  channel seldom exceeded 
1 '2-foot  prototype from t h e  minimum trough e l e v a t i o n  t o  . the maximum 
c r e s t  e l e v a t i o n ,  Figure 9 .  P. d e s c r i p t i o n  of t h e  hydraul ic  a c t i o n  
wi th in  t h e  b a s i n ,  Figure 8 ( ~ ) ,  i s  a s  fo l lows:  The c i r c u l a r  hollow-jet.  
flow from t h e  v ~ l v e  is  transformed by t h e  converging wa l l s  t o  a  v e r t i c a l  e 
, jet  which i s  a s  high and a s  wide a s  t h e  rectangul.ar opening a t  t h e  down- 
s t ream end of t h e  wal l s .  A s  t h e  jet leaves  t h e  converging wa l l s  it 
pene t r a t e s  t h e  t a i l  water p o o l ,  s i ; r iking t h e  bas in  f l o o r .  P a r t  of t h e  
J e t  spreads l ~ t e r a l l y  and climbs t h e  bas in  wa l l s  while t h e  o t h e r  p a r t  
cont inues a long  t h e  f l o o r .  Eventua l ly ,  t h e  flow t h a t  r i s e s  a long  t h e  
wal l s  f a l l s  inward and becomes a  p a r t  of t h e  pool .  The flow t h a t  con- 
t inues a  long  t h e  f l o o r  l o s e s  momentum and even tua l ly  rises. P a r t  of 
t h i s  flow t h a t  rises t u r n s  upstream, a s  i n  t h e  case of a  hydraul ic  jump. 
and p a r t  cont inues i n  a downstream and upward d i r e c t i o n .  

I f  tile t a i l  water is t o o  deey ,  t h e  urward motion o f  t h e  flow 
i s  dampened by submergence. Bottom c u r r e n t s  cont inue along t h e  f l o o r .  
m e v e n t i n g  t h e  t'ormation of energy-reducing e d d i e s ,  and some of t h e  
e f f ec t iveness  of t h e  s t i l l i n g  a c t i o n  i s  l o s t .  If t h e  t a i l  water i s  
t o o  shallow, sp l a sh ing  occurs  i n  t h e  upstream por t ion  of t h e  bas in  
because t h e  upward motion of t h e  flow is no t  s u f f i c i e n t l y  submerged. 
I f  t h e  t a i i  water is  s o  low t h a t  no submergence occu r s ,  t h e  flow passes  
through t h e  b a s i n  unin ter rupted .  This  is  c a l l e d  sweep o u t ,  and very  
l i t t l e  energy is  l o s t  wi th in  the b a s i n .  To provide t h e  b e s t  o v e r a l l  
performance. t h e  t a i l  water must be n e i t h e r  t o o  d e e ~  nor t o o  shal low.  
The e l e v a t i o n  of t h e  prel iminary bas in  f l o o r  appeared t o  be about  r i g h t  
f o r  t a i l  water e l eva t ions  shown by 2 and 3 ,  Figure 3. To v e r i f y  
t h i s  observa t ion ,  wave he igh t s  were measured i n  t h e  r i v e r  channel f o r  a 
range of t a i l  water and recorded i n  Figure 9. 

Ehergency opera t ion  with one valve d i scha rg ing  4,200 second- 
f e e t ,  Figure 8 ( ~ ) ,  i s  t h e  most severe  ope ra t ing  condi.t ion. For t h i s  
cond i t i on ,  t h e  j e t  was no t  submerged a t  t h e  upstream end of t h e  b a s i n ,  
and a  razher  high b o i l  occurred a t  t h e  downstream end. The tendency t o  
sweep ou t  was g r e a t e r  t h a n  with both  valves d i scha rg ing  because t h e  d i s -  

Y 
charge per  u n i t  f o o t  of b a s i n  width i s  more and t h e  t a i l  water e l e v a t i o n  
i s  2 f e e t  less. Waves i n  t h e  r i v e r  channel were h igher  t h a ~  when both 
va lves  were d ischarg ing  b u t  seldom exceeded 1 f o o t ,  F igure  9. 
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.- 
charging '7,000 second-feet indica ted  good energy d i s s i p t i o n  i n  t h e  
itasin. However, sand Iwas deposi ted i n  t h e  o u t l n t  channel and about 
24 f e e t  upstream i n t o  the  bas in .  Undercurrents could be seen car ry ing  
sand upstream from t h e  discharge channel i n t o  the  bas in  and s w i r l i n g  it 
around on t h e  bas in  f l o o r .  The concrete f l o o r  of t h e  prototype might 
be damaged by such a c t i o n .  It was concluded t h a t  a s h o r t e r  bas in  would 
a l low t h e  bottom cur ren t s  t o  pass over t h e  end s i l l  i n  a p o s i t i v e  manner, 
thereby preventing upstream cur ren t s  from moving bed m a t e r i a l  i n t o  the  
bas in .  

Basin without converging wal ls .  To v e r i f y  t h e  need f o r  the  
converging wal ls ,  t h e  bas in  was t e s t e d  without them. The bas in  then  
produced uns table  flow,, Figures 1 1 ( ~ )  and 1 2 ( ~ ) .  Surges which occurred 
i n  t h e  bas in  sometimes extended i n t o  t h e  r i v e r  channel, causing waves 
5 f e e t  high.  

The bas in ,  discharging 2,100 second-feet from each valve with 
and without converging wal ls ,  is shown i n  Figure 13. Without t h e  wal ls ,  
t h e  j e t s  from t h e  valves do no t  pene t ra t e  t o  t h e  f u l l  depth of t h e  s t i l l -  
i n g  bas in  pool .  Surges i n  t h e  upstream por t ion  of t h e  bas in  t r a v e l  
through t h e  bas in  and i n t o  t h e  r i v e r  channel. With t h e  converging wa l l s ,  
t h e  j e t  pene t ra t e s  t o  t h e  f l o o r  of t h e  pool  and d i s s i p a t e s  i t s  energy 
throughout t h e  bas in .  The water sur face  from t h e  bas in  is  smooth. These 
t e s t s  proved the  necess i ty  of t h e  converging wal ls .  

Converging v a l l  gap width. The converging wal ls  were 
r e - ins  t a l l e d ,  but  with a gap of  7 f e e t  between t h e  downstream ends of 
t h e  two wal ls .  The performance was b e t t e r  than with no wal ls  b ~ t  not, 
near ly  so  good a s  f o r  the  prel iminary design gap wi-dth of 4 f e e t  
8-1/2 inches,  Figures 11 and 12 .  Decreasing t h e  t . i6 th  s t i l l  f u r t h e r  t o  
3 f e e t  6 inches d i d  no t  imprcve t h e  performance o r  reduce wave he igh t s  
i n  t h e  r i v e r  channel. 

End s i l l  moved upstream 24 f e e t .  A s h o r t e r  bas in ,  111 f e e t  
long,  wzs approximated i n  t h e  model by p l a c i ~ g  t h e  end s i l l  24 f e e t  
f a r t h e r  upstream, Figure 14. The purpose was t o  prevent  bed ma te r i a l ,  
inc luding sand and gravel ,  from being drawn i n t o  t h e  bas in  by t h e  sub- 
sur face  upstream cur ren t  discussed i n  t h e  eros ion  t e s t  ,;'or t h e  prelim- 
ina ry  design.  

This s h o r t e r  bas in  performed s a t i s f a c t o r i l y  when d ischarging  
7,000 second-feet,  Figure l ! c ( ~ ) .  The water su r face  was smooth a t  t h e  
end of t h e  bas in ,  and waves i n  t h e  r i v e r  channel,  elthough higher  than  
i n  t h e  prel iminary design,  d i d  not  exceed 1 foo t .  Very l i t t l e  e ros ion  
occurred i n  t h e  o u t l e t  channel a s  shown i n  F i ~ d ? e  ~ L ( B ) .  The s h o r t e r  
bas in  f l o o r  was very e f f e c t i v e  i n  keeping bed m3te r i a l  out  of t h e  bas in  



psssing over the  end s i l l  which prevented.bed mater ia l  from being drawn 
i n t o  the  bas in .  

With 4,200 second-feet discharging through one valve,  
Figure 1 4 ( ~ ) ,  the  basin was not so  e f fec t ive .  Waves were 3 f e e t  high 
i n  the  r i v e r  channel. In addi t ion,  the  act ion i n  the  basin was c lose r  
t o  sweep-out condit,ions than with t h e  preliminary basin.  However, it 
was concluded t h a t  a t r ue  model representat ion of a basin 111 f e e t  long 
should be t e s t ed .  r 

Basin kngtin,  111 Feet;  Center Wall length,  90 Feet 
a 

The model was a l t e r ed  t o  determine the  t r u e  e f f e c t  of reducing 
the  basin length t o  111 f e e t .  The performance of t h i s  bas in ,  Figure 1 5 ( ~ )  
and ( R ) ,  was about the  same a s  the  preliminary basin with the end s i l l  
moved upstream. Waves were s t i l l  about 3 f e e t  high i n  the  r i v e r  channel, 
and the  ac t ion  i n  t he  basin was c loser  t o  the  sweep-out condi:isn than 
before. With k,200 second-feet through one valve, the  j u ~ p  swept out of 
the  basin a t  t a i l  water elevation 1900. 

Basin Length, 111 Feet;  Center Wall Length, 36 Feet 

The length of the  center  t r a i n i n g  wall  was reduced from 90 t o  
36 f e e t  t o  help keep t he  ,jump i n  t h e  shortened bas in .  The performance 
of t h i s  basin is shown i n  Figure 1 5 ( ~ )  and (D). Waves i n  the  r i v e r  
channel a t  the  s t a f f  gage were about twice a s  high a s  with the  longer 
center  wall.  This was t rue  f o r  7,000 second-feet discharging from two 
valves a s  well  a s  f o r  4,200 second-feet discharging from one valve. 
For 7,000 second-feet,  the  waves were 2-1/2 f e e t  high; and f o r  4,200 
second-feet, they were 5 f e e t  high. The bas in ,  therefore ,  was not  
sa t i s fac to ry ;  however, the  jump did  s t ay  i n  the  basin b e t t e r  than when 
t he  longer center  wall  was used. 

Basin k n g t h ,  123 Feet;  Center Wall k n g t h ,  66 Feet - 
The bas in  and the  center  wal l  were lengthened 12 f e e t  and 

30 f e e t ,  respect ively ,  t o  improve t he  performance. This provided a 
basin f l oo r  and center  wal l  t h a t  were 12 and 24 f e e t  shor te r  than the  
preliminary design, respect ively .  To accomplish t h i s  modification i n  
t he  model, the  basin was extended 1 2  f e e t  (prototype) i n t o  t he  t a i l  
box, Figure 16. 

The performar~ce of t h i s  bas in ,  Figure 1 7 ( ~ )  and (B), appeared Y 

t o  be s a t i s f ac to ry  f o r  7,000 second-feet from both valves but not  f o r  
4,200 second-feet from one valve. For 4,200 second-feet, with t he  t a i l  
water a t  e levat ion 1900, t he  flow was on t he  verge of sweeping out of 
t he  bas in .  





show t h a t  the lowest expected t a i l  water curve provides a safety  
factor  of approximately 5 f ee t  or more of t a i l  water depth f o r  e i t he r  
1- or 2-valve owrat ion a t  design capacit ies,  and more safety  factor  
f o r  l esser  discharges. The basin performed quite well while the t a i l  
water was being lowered t o  the sweep-out condition. 

Raising the t a i l  water above the design elevations produced 
a rough water surface in  the r i ve r  channel. For example, if the t a i l  
water i s  a t  elevation 1913, which could be possible while the spillway 
i s  discharging, the ou t le t  works discharging 7,670 second-feet produces 
a high bo i l  and a rough water surface in  the r i ve r  channel, Figure 22. 
The performance, however, was considered t o  be acceptable f o r  t h i s  
emergency operating condition. 

One valve discharging 4,260 second-feet with t a i l  water 
elevation 191-3, Figure 23, i s  very improbable, an6 it i s  not recommended 
f o r  the prototype. Waves i n  the r i ve r  channel a t  the s t a f f  gage were 
5 f e e t  high. 

In  the preliminary design, the ou t l e t  channel bottom had a 
5 : l  upward slope from elevation 1870 at the basin end s i l l  t o  eleva- 
t ion  1890 in  the downstream channel. The erosion t e s t  fo r  t h i s  design, 
Figure 10, indicated tha t  bed material  was deposited i n  the channel 
u n t i l  the slope of the channel bed downstream of the s i l l  became 
approximtely 2 : l .  Therefore, f o r  the recommended design a 2 : l  excava- 
t i on  slope was molded in  the model bed, Figure 16. An erosion t e s t  
with the recommended basin design f o r  7,670 second-feet with t a i l  water 
a t  elevation 1902, Figure &(A),  shared t h a t  the 2 : l  slope of the 
channel bed was not eroded and tha t  very l i t t l e  erosion occurred along 
the end si l l .  The 2 : l  slope was therefore recommended f o r  the proto- 
type. The s l i gh t  erosion of the channel banks was caused by side eddy 
currents and sloughing of the w e t  sand. This type of erosion is not 
considered serious since the prototype banks w i l l  be protected by 
riprap.  With the t a i l  water lowered Lo elevetion 1899, the erosion i n  
the discharge channel fo r  7,670 second-feet was a l i t t l e  more severe, 
Figure 2 4 ( ~ ) .  The performance, however, was sat isfactory.  For one 
valve discharging 3,900 second-feet with the t a i l  water a t  elevation 
1898, the lowest expected elevation, no erosion occurred along the end 
s i l l .  I n  fac t ,  bed material  was deposited within the basin, Figure 2 4 ( ~ ) .  
This deposition i s  not desirable since movement of material  within the 
basin may abrade the concrete. However, one-valve operation i s  f o r  
emergencies only, so the action i s  not considered c r i t i c a l .  

' Water surface prof i les ,  Figures 25 through 27, recorded f o r  
a range of operating conditions, were obtained t o  a id  i n  the s t ruc tu ra l  
design of the basin walls. Wave heights a t  the s t a f f  gage i n  the r iver  
channel are shown with each prof i le .  



The c e n t e r  w a l l  l e n g t h  of 36 f e e t  was increased t o  40 f e e t - t o  maE& a 
cons t ruc t ion  jo in t ,  and t h e  gap width between t h e  converging w a l l s  w a s  
increased  from 4 f e e t  8-1/2 inches t o  4 f e e t  10-1/2 inches.  These 
v a r i a t i o n s  w i l l  no t  m a t e r i a l l y  a f fec t  the  bas in  performance ind ica t ed  
by the  model tests. 
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TRINITY DAM O U T L E T  WORKS 

1 :28 Scale Model 





A. 7,000 cfs, Two valves, Head at valves 260 ft., 
Tai l-water  elevation 1902. 

Figure 8 
,port iIYD 439 

I?. Same a s  A above. 
Waves in r ive r  channel a t  staff gage 0.  5' high.  

C. 4,200 cfs, One valve, Head a t  valve 380 ft., 
Tail-water elevation 1900. 

TRlNITY DAM OUTLET WORKS 
, 

Flow Conditions--13reliminary Basin 
1 :25 Scale Model 



R E P ~ T  HYD. 439 

NUMBER HEAD WAVE 
0 F DISCHARGE AT VALVE TAILWATER HEIGHTS 2:- 

VALVES CES. F T. ELEVATI ON FT 

7,300 26 0 1902 I 
TWO 12 

TWO 7,000 260 19 04 I 

TWO 7,000 260 1908 3 

TWO 7,000 380 1902 I 
'2 

TWO 7,000 3 8 0  1904 I I / 4  

d 

ONE 4 , 2 0 0  380 19 0 2 I 

ONE 4,200 380 1904 I '4 

-:I Wove height were measured os the difference between the maximum 

wove crest elevation and the minimum wove trough elevation at the 

model stoff goge In the river chonnel, FIGURE 6. 

I 

TRINITY DAM OUTLET WORKS 

TAILWATER WAVE HElb i lTS --PRELIMINFIRY BASIN 

1228 SCALE MODEL 

570 



A. Ilischarge channel shape prior to Eroslon Test .  

E. Erosion pattern after 30 minute model test  run. 
Discilargc 7 ,  000 cfs - Two valves - IIead 260 '  - 
T. \\I. El.  1902. 

TRINITY DAM OUTLET WORKS 

Erosion Test--Preliminary Basin 
1:28 Scale Model 





Figure 12  
Report HYD 439 

A.  No Converging Walls. Waves 5' high in r i v e r  
channel a t  gage. 

B. Converging Wall gap 7'-0". Waves 4 '  high in 
r ive r  channel a t  gage. 

C. Converging Wall gap 4'-86' ' .  Waves one foot 
high in r i v e r  channel at gage. 

Discharge 4, 200 c f s  - Head a t  valve 380' - 
Tail-water  elevation 1900 

TRINITY DAM OUTLET WORKS 

Converging Wall Tes t s  - -One Valve Operation 
1:28 Scale Model 



A.  IIead a t  valves 260 - T. W. El .  1902. 
Waves in r ive r  cl~annel  2'  high a t  gage 

No Converging Walls 

B. IIead a t  valves 380' - T. W. El .  1902. 
Waves in r i v e r  channel 2. 5'  high at  gage. 

C. IIead a t  valves 260' - T. W. El. 1902. 
Waves in r ive r  channel one foot high a t  gage. 

D. fiead a t  valves 380' - T. W. El .  1902. 
Waves in r i v e r  channel one foot high a t  gage. 

Converging Walls with 4'-8a" gap 

TRINITY DAM OUTLET WORKS 

Flow Coilditions With and Without Converging Walls-- 
2100 Second Feet  P e r  Valve 

1:28 Scale Model 





A. 7,000 cfs, Two valves, Head a t  valves 260') B. 4, 200 c f s ,  One valve, Head at  valve 380 I, 

T. W. elev. 1902. Waves in  r ive r  channel at  T. W. El .  1900. Waves in r i v e r  channel a t  

gage one foot high. gage 2. 5 '  high. 
Center  Wall 90 Feet  Long 

C. 7,000 cfs, Two valves, Head at valves 2601, D. 4, 200 cfs, One valve, Head at valve 3801, 
T. W. El. 1902. Waves in  r i v e r  channel a t  T.  W. El .  1900. Waves in river channel a t  
gage 2' high. gage 5 '  high. 

Center  Wall 36 Fee t  Long 

I TRINITY DAM OUTLET WORKS 

Flow Conditions With Basin 111 Feet  Long 
1 :28 Scale Model , 



Easin  extends 12' (prototype) Into Tai l  box. Dis-  
charge  channel s l cpes  2:l  f rom E l .  1870 to El .  1890. 

TRINITY DAM OUTLET WORKS 

Basin 123 Fee t  Long 
1 : 28 Scale Model 



, . .  . - . . . . . 

A .  7,060 cfs, Two valves, Head a t  valves 2601, E. 4, 200 cfs, Onc valve, Iiead at valve 3Y01, 
T. Vr'. El.  1902. Waves 1.  5' high in r ive r  T. W. El .  1000, Waves 3. 5 '  high in r ive r  
channel a t  gage. channel at gage. 

Ccntcr  W a l l  C6 Fcct Lon: 

. . 

C. 7,000 cfs, Two valves, liead a t  valves 260', D. 4, 200 cfs, One valve, IIead a t  valve 3801, 
T. W. El .  1902. Waves 4. 5 '  high in r i v e r  T. W. El .  1902. Waves 4 .5 '  high in r ive r  
channel a t  gage. channel a t  gage. 

? 
KO Center  Wall % 7 

22 
'-1 

TRINITY DAM OUTLET WORKS z" 
Flow Conditions With Basin 123 Fee t  Long 

U S  
IP 
W 

1:28 Scale Model w 





A. 7, 200 cfs  
iload at  valves 284'  
T. W.  'El.  1902 

1:. 7, G ' i O  rfs 
l;cncl at valves 315' 
.I-. Li'. El .  l!JOS 

7, G7O cfs 
Iiead at valves 3 15' 
T. W. El. 1902 
Waves 1. 7 5 '  high in 
r iver  channel at gage. 

TRINITY DAM OUTLET WORKS 

Flow Conditions in Recommended Basin- - Two 
Valve Operation 
1 :2R Scale Model 



Figure 20 
Report HYD 439 

A. Left valve discharging 4,260 cfs, Head at  valve 
392', T. W. El.  1899. 

B. Same a s  A except right valve discharging. 
Waves 2.75' high i n  r iver channel a t  gage. 

C. Right valve discharging 3,900 cfs, Head at  valve 
326', T .  W. El. 1898. Waves 2.5' high in r iver  
channe 1 at gage. 

TRINITY DAM OUTLET WORKS 

Flow Conditions in Recommended Basin-- 
One Valve Operation 
1 :28 Scale Model 



I TRINITY DAM OUTLET WORKS I 
JUMP SWEEPOUT CURVES - - RECOMME!JDED BASIN 

la28 SCALE MODEL 

570 



A. View from upstream B. View from downstream 

C. Side View 

7,670 cfs--Head at valves 315' 

TRINITY DAM OUTLET WORKS 

Two-Valve Operation For Tail-Water Elevation 1913--Recommended Basin 
1 :28 Scale Model 



Report I-IYD 439 

A .  Right valve discharging 4, 260 second feet. 
Head 392'  a t  valve. Waves 5 '  high i n  r iver  
channel at  gage. 

B. Same a s  A except left valve discharging. 

NOTE: 
Not a recommended operating condition. 

TRINITY DAM OUTLET WORKS 

One-Valve Operation for Tail-Water Elevation 19 13 - -  
Recommended Basin 

1 : 28 Scale Model 



l3epo; HYD 439. 

I:. 'l'rvo valves discharging 
'7, 670 cfs. Head a t  valves 
315'.  T W. El.  1899. 
Erosion pattern af ter  
one hour model test run. 

-. . - . . . . . - 
. , , . . - . . ., , . ., . - 

C. Right valve discharging 
3, 900 cfs. I-lead a t  valve 
326' .  T. W. El. 1898. 
Erosion pattern after 
one hour model test  run. 

\ 

TRINITY DAM OUTLET WORKS 

Erosion Tests --Recommended Basin 
1 :28 Scale Model 








